Over the last few decades, Rumex species have been recognized as a promising source of new compounds with numerous pharmacological activities. Therefore, the antioxidant activity of Rumex tingitanus (R. tingitanus) leaves extracts was evaluated in vitro and then confirmed in vivo as well as the antidepressant-like and toxicological effects of the extracts. The ethyl acetate fraction (Rt EtOAcF) followed by hydroalcoholic extract (Rt EtOH-H 2 O) showed a remarkable in vitro antioxidant activity. The hydroalcoholic extract (Rt EtOH-H 2 O) showed significant hepatoprotective activity against carbon tetrachloride-(CCl 4 -) induced liver toxicity which is seen from inhibition of the malondialdehyde (MDA) accumulation and enhancement of the liver antioxidant enzymes activities. The Rt EtOH-H 2 O and Rt EtOAcF extracts were able to reduce the immobility time in mice and then elicited a significant antidepressant-like effect. The ethyl acetate fraction (Rt EtOAcF) was purified and resulted in the identification of a new antioxidant component called 4 -p-acetylcoumaroyl luteolin. The Rt EtOAcF and the 4 -p-acetylcoumaroyl luteolin revealed a strong antioxidant activity using DPPH test with IC 50 of 11.7 ± 0.2 and 20.74 ± 0.6 g/ml, respectively, and AAI of 3.39 and 1.92 better than that of BHT, used as control.
Introduction
The extraction and characterization of antioxidant compounds derived from natural sources could be a solution to treat a variety of injuries and diseases caused by oxidative stress such as depression and hepatotoxicity. Depressive disorders, characterized by a loss of energy, anhedonia, sleep disturbances, and the decreases in the ability to think and concentrate are considered as actually as an example of the most common mental disorders worldwide [1, 2] . It was reported that oxidative stress is one of the biological processes involved in the development of the depressive symptoms [3] .
The excessive accumulation of the reactive oxygen species (ROS) and the deficiency in the antioxidant enzymes induce a major cellular damage leading to diseases development such as the depressive disorder [2, 4] .
The reactive oxygen species (ROS), active forms of oxygen, cause damage of cellular macromolecules (protein, lipids, and DNA). To prevent the undesirable effect of the ROS, human organisms have developed an antioxidant defense system. Catalase (CAT), superoxide dismutase (SOD), and glutathione peroxidase (GPx) are examples of the most implicated enzymes in the ROS conversion to stable molecules, such as water and O 2 [4] . One of the 2 BioMed Research International vital organs which regulates this metabolic process and maintains homeostasis is the liver. Any injury induced by ROS or xenobiotics to hepatocytes causes hepatotoxicity and liver disorders [5] . In the literature, various chemical and xenobiotic agents are known for their ability to induce hepatotoxicity. The carbon tetrachloride (CCl 4 ) is one of the hepatotoxins causing hepatotoxicity similar to human cirrhosis [6] . Over the last decades, herbs have emerged as prominent alternatives to fight oxidative stress, considering that plants are important sources of flavonoids, tannins, polyphenols, anthraquinones, stilbenoids, and steroids [2] .
Given the aforementioned beneficial effects of plants metabolites, the genus Rumex has been identified as a promising pharmacological candidate. Further research aiming to investigate the hepatoprotective effects, toxicity, and other pharmacological activities should be developed according to Vasas et al. [7] . Approximately 200 species of Rumex are spread worldwide, among which only around 50 species have been studied so far and little phytochemical information and pharmacological information are available. The phytochemical screening of Rumex species revealed their richness in anthraquinones and flavonoids but till today only few compounds are isolated [8] . The genus includes edible plant species used in traditional medicine for inflammation, blood purification, and constipation or for their purgative and tonic effects. The wild edible plant Rumex tingitanus L. (R. tingitanus) which grows in spring is consumed fresh or cooked [9] . Therefore, this species was subject of some experimental work in order to (i) determine the antioxidant activities of R. tingitanus leaves extracts in vitro, (ii) evaluate the hepatoprotective activity of Rt EtOH-H 2 O extract against CCl 4 -induced hepatic oxidative damage in rats, (iii) investigate toxicological and antidepressant-like properties of R. tingitanus leaves extracts, and (iv) isolate and elucidate the structure of the antioxidant component(s) from the most active extract.
Materials and Methods

Extract Preparation, Separation, and Isolation of Secondary Metabolites.
Leaves powder of R. tingitanus (1.5 Kg) was extracted during 48 h by maceration with 6 L of ethanol (80%). Then, the solvent was evaporated at 40 ∘ C and the remaining aqueous phase was lyophilized to produce 304.5 g of hydroalcoholic extract (Rt EtOH-H 2 O extract). The resulting hydroalcoholic extract was sequentially fractionated by liquid/liquid chromatography with n-hexane followed by ethyl acetate to obtain an n-hexane fraction (Rt HexF), ethyl acetate fraction (Rt EtOAcF), and water fraction (Rt WF), respectively. The organic phases were filtered and evaporated at 40 ∘ C and the aqueous phase was filtered and lyophilized. These extracts and fractions were stored at 4 ∘ C. The ethyl acetate fraction was fractionated by silica gel column chromatography (60Å, 70-200 m), using an increasing-polarity solvent [10] . The isolated subfractions were evaluated for their antioxidant activity. Fraction showing the highest antioxidant activity was submitted to further purification using a dichloromethane-methanol binary solvent gradient. The purity of the isolated compound was over 98.7% checked by LC-MS/MS analysis ( Figure 4 ). An Agilent MSD Ion Trap XCT mass spectrometer equipped with an ESI ion source was used. The mass spectrometer was operated in a negative mode with source voltage of 3.5 kV. This compound was identified through the analysis of its spectroscopic data of 1 H-and 13 C-NMR, IR, UV, and MS. 
Preliminary Phytochemical Screening.
Qualitative chemical tests for various phytoconstituents were carried out to highlight the main families of secondary metabolites present in all the extracts of R. tingitanus as reported by [11] .
Secondary Metabolites Determination.
The total polyphenols content (TPC) was determined by colorimetric method using Folin-Ciocalteu phenol reagent [12] and the results were expressed in mg of gallic acid equivalent/g of sample (mg GAE/g). The content of flavonoids (TF) was estimated by spectrophotometric assay and was expressed in mg of quercetin equivalent/g of sample (mg QE/g) [13] .
Pharmacological Activities
Acute Toxicity Study.
Mice that weighed between 25 and 39 g were divided into ten groups ( = 6 in each). A first control group received distilled water, while the second control group received a solution of Tween-80 (5%). Hydroalcoholic extract (Rt EtOH-H 2 O) was dissolved in distilled water, whereas the ethyl acetate fraction (Rt EtOAcF) was dissolved in Tween-80 (5%). The remaining groups were treated by intraperitoneal injection using different extracts concentrations (100, 150, 300, and 500 mg/Kg BW). Mice were maintained on standard animal diet and water. The animal mortality was tracked for 7 days after treatment [14] . [16] . Briefly, 50 l of various extract concentrations was added to 2 ml of a DPPH solution (0.04 g/l in methanol) followed by 30 min incubation in the dark at room temperature. Ascorbic acid was used as a positive control. The absorbance was measured at 517 nm against the corresponding blank in triplicate for each extract. The results were expressed as the antioxidant activity index (AAI) using the two following formulae:
where control is the absorbance of the negative control and sample is the sample absorbance. IC 50 was defined as the antioxidant concentration reducing 50% of DPPH free radicals and was then determined for each extract, luteolin and 4 -p-acetylcoumaroyl luteolin. According to the AAI values, we considered a poor antioxidant activity when AAI < 0.5, moderate antioxidant activity when 0.5 ≤ AAI ≤ 1, strong antioxidant activity when 1.0 ≤ AAI ≤ 2.0, and very strong antioxidant activity when AAI > 2.0, respectively.
(2) -Carotene-Linoleic Acid Bleaching Assay. The inhibitions of the linoleic acid autooxidation by Rt EtOH-H 2 O extract, Rt EtOAcF, Rt HexF, and Rt WF fractions were evaluated by the method of Trigui et al. [16] . The mixture containing 0.2 mg of -carotene, 20 l of linoleic acid, and 200 mg of Tween-40 was dissolved in 1 ml of chloroform. After the solvent evaporation, 50 ml of oxygen-bubbled water was added. 5 ml of the obtained emulsion was mixed with 500 l of each extract and incubated for 2 h at 50 ∘ C before measuring absorbance at 470 nm. The butylated hydroxytoluene (BHT) was used as positive control, and a blank was used as a negative control.
The antioxidant activity (Inhibition%) was determined using the following equation:
where -carotene after 2 h assay and initial -carotene are the absorbance of -carotene after 2 h assay and the absorbance of -carotene at the beginning of the experiments, respectively. The necessary antioxidant concentration to reduce 50% of the absorbance (IC 50 ) was determined. The experimental tests were performed in triplicate for each extract.
(3) Reducing Power. The reducing power effect of the Rt EtOH-H 2 O, Rt EtOAcF, Rt HexF, and Rt WF extracts was determined according to Oyaizu [17] . 1 ml of the different extract concentrations (0.0155, 0.0315, 0.125, 0.5, and 1 mg/ml) was mixed with 2.5 ml of phosphate buffer (0.2 M, pH 6.6) and 2.5 ml of potassium ferricyanide [K 3 Fe(CN) 6 ] (1%) and incubated at 50 ∘ C. After 20 min of incubation, 2.5 ml of a TCA solution (10%) was added to the mixture followed by a centrifugation at 3000 rpm for 10 min. Distilled water (2.5 ml) and 0.5 ml of aqueous solution of FeCl 3 (1%) were added to the supernatant and then the absorbance was measured at 700 nm against blank. The BHT was used as a positive control. IC 0.5 , which is the concentration of extract that provides 0.5 absorbance, was determined for each extract in triplicate.
In Vivo Antioxidant Properties
(1) Animals. Albino Wistar rats (males, 130-160 g) were obtained from SIPHAT, Tunisia, and maintained at 22 ± 3 ∘ C with 12 h light/12 h dark cycle and relative humidity of 40%. To minimize the effects of stress caused by travel, the rats were acclimated for a week in the laboratory conditions before the experiment. Water and feed were available at will.
(2) Experimental Design. The protective effect of the hydroalcoholic leaves extract of R. tingitanus (Rt EtOH-H 2 O) against liver damage induced by CCl 4 was evaluated. The rats were randomly divided into groups of six ( = 6):
(i) Group I (normal control) was treated with 1 ml kg On day 9, the animals were sacrificed by cervical decapitation and the liver was excised and crushed in 50 mM Tris, 150 mM NaCl buffer (pH 7.4) using an Ultra-Turrax homogenizer. The homogenate was centrifuged at 3000 ×g at 4 ∘ C for 15 min and the collected supernatant was frozen at −20 ∘ C. 
(4) Enzymatic Antioxidant Analyses. The superoxide dismutase (SOD) activity was measured using the nitroblue tetrazolium (NBT) inhibition according to Beyer Jr. and Fridovich [18] . The catalase (CAT) content was determined colorimetrically from the rate of H 2 O 2 decomposition used as substrate [19] . The glutathione peroxidase (GPx) activity was analysed colorimetrically using H 2 O 2 as substrate and the reduced glutathione (GSH) [20] . 
Statistical Analysis.
All the experiments performed in this study were repeated at least three times and data were reported as means ± standard error of three measurements. All the statistical comparisons were made by means of one-way ANOVA test. Student's t-test was performed to determine significant differences between the treatments and the control using SPSS 19 statistical package (SPSS Ltd., Woking, UK). values less than 0.05 were considered as significant.
Results
Phytochemical Screening.
The qualitative distribution of polyphenols, tannins, and flavonoids showed a difference from one extract to another. Moreover, the Rt EtOAcF showed the presence of low quantities of anthraquinones. However, proteins and amino acids were detected only in Rt WF. The hexane fraction contained steroids and cardiac glucosides.
Total Phenolic and Flavonoid
Contents. The quantitative analysis of phenolic and flavonoid contents of R. tingitanus extracts is summarized in Figure 1 . The amount of these metabolites varied from one extract to another depending on the solvents polarities used for the extraction. The Rt EtOAcF had the highest phenolics concentration (95 ± 4.2 mg GAE/g) compared to Rt EtOH-H 2 O extract (56.4 ± 6.7 mg GAE/g) and Rt WF (36 ± 2.61 mg GAE/g). The Rt EtOAcF also contained the highest flavonoid amounts (119 ± 8 mg QE/g), 4 times more than Rt EtOH-H 2 O extract and Rt WF with 24.4 ± 3 and 20 ± 0.9 mg QE/g, respectively (Figure 1 ).
Acute Toxicity Study.
After a one-week treatment, the hydroalcoholic extract and ethyl acetate fraction of R. tingitanus did not show any signs of toxicity up to the dose of 500 mg/kg BW. The mice did not exhibit any common side effects such as mortality, loss of weight, diarrhea, and abnormal behavior during the observation period compared to the control group. Therefore, the Rt EtOH-H 2 O at 250, 100, and 50 mg/Kg BW was used in the in vivo investigation for the antioxidant activity and the antidepressant-like effect, respectively.
Antidepressant-Like Effect of R. tingitanus Extracts.
As shown in Figure 2 , the administration of the tested extracts showed significant (P < 0.001) decrease in the immobility time compared to the control mice. In fact, Rt EtOAcF and Rt EtOH-H 2 O exhibited an immobility reduction of 83% and 67% using 100 mg/Kg, respectively. These tests clearly prove that the R. tingitanus extracts' antidepressant-like effect was similar to the clomipramine treated mice, used as positive control.
Antioxidant Activity
DPPH Antiradical Activity.
The antiradical assay was used to study the ability of an extract or a compound to trap free radicals by a hydrogen-donating action [22] . The antiradical activities of R. tingitanus extracts, measured by DPPH assay, were found to be concentration-dependent. The Rt EtOAcF and Rt EtOH-H 2 O showed a percentage inhibition of 97% towards DPPH free radical in the presence of 24.4 and 146.3 g/ml, respectively. Besides, Rt WF showed a 90% inhibition using 146.3 g/ml and the Rt HexF was less effective. The IC 50 and AAI values of the different extracts are depicted in Table 1 . The most potent antiradical activity was obtained with Rt EtOAcF (IC 50 = 11.7 ± 0.2 g/ml) followed by Rt EtOH-H 2 O (IC 50 = 78.1 ± 1.5 g/ml) and then by Rt WF (IC 50 = 81.4 ± 4 g/ml) and finally by Rt HexF (IC 50 = 193.8 ± 7.9 g/ml). The AAI varied from 0.49 (water fraction) * * * * * * * * * * * * * * * * * * The statistical test used is Student's t-test ( = 6). * < 0.05, * * < 0.01, and * * * < 0.001, respectively, compared to the control group. to 3.39 for ethyl acetate fraction. A very strong antioxidant activity was observed for the ascorbic acid followed by the ethyl acetate fraction, which were more potent than the BHT. The antiradical activity due to a hydrogen transferring reaction showed a positive correlation with phenolics amount ( 2 = 0,956) and therefore their implication in R. tingitanus antiradical capacity.
-Carotene-Linoleic Acid Bleaching
Assay. Unsaturated fatty acids, involved in the formation of cell membrane, are susceptible to lipid peroxidation. Several peroxyl radical and by-products were produced, leading to tissue damage and diseases processes such as neurodegenerative diseases, carcinogenesis, and inflammation [23] . So, the R. tingitanus extracts' capacity to inhibit the lipid peroxidation of linoleic 
In Vivo Effects on the Malondialdehyde (MDA) Levels.
The protective effect of Rt EtOH-H 2 O extract against liver peroxidative damage induced by CCl 4 is shown in Table 2 . For the CCl 4 -treated rats, the MDA levels increased significantly ( < 0.01) compared to the normal control group. Nevertheless, the group treated with 250 mg/kg BW of Rt EtOH-H 2 O significantly reversed ( < 0.01) the elevation of the MDA levels by 100% compared to the CCl 4 -treated group. Gallic acid, used as reference, reinstated the MDA formation by 95.2%. Animals treated with Rt EtOH-H 2 O and gallic acid showed similar MDA concentrations compared to normal control group.
Effects on Enzymatic Antioxidant
Activities. The interacting network of antioxidant enzymes, especially CAT, SOD, and GPx, has essential roles in the detoxification pathway against ROS. The hepatoprotective effect of Rt EtOH-H 2 O extract against CCl 4 was presented in Table 2 . The enzymes activities (SOD, CAT, and GPx) decreased significantly in the liver tissue of the rats treated with CCl 4 when compared to the normal control group. However, no significant differences in enzymatic antioxidants levels were observed in animals treated with Rt EtOH-H 2 O compared to the normal control rat values. In the Rt EtOH-H 2 O treated group (Group IV), using 250 mg/kg BW caused the tested parameters to regain their control values. The R. tingitanus leaves hydroalcoholic extract showed a protection of 100%, 98.8%, and 96.2% for SOD, CAT, and GPx, respectively, compared to 84.3%, 100%, and 98.1% using gallic acid as reference towards hepatotoxicity induced by CCl 4 .
Histopathological Examinations of the Liver Tissues.
The liver histopathology of CCl 4 -intoxicated rats, Rt EtOH-H 2 O treated group, and gallic acid reference treated group is illustrated in Figure 3 . The histological observation of the control slices showed normal cellular architecture of the liver with distinct hepatocytes, central vein, and portal and sinusoidal spaces. However, the CCl 4 treatment caused histopathological changes and severe liver injuries including necrosis, ballooning degeneration, micro and macrovesicular changes, and congestion. In the tissue of the treated groups with Rt EtOH-H 2 O and gallic acid, alterations were minimized and the liver injuries were improved. The liver architectural pattern of the rats treated with only Rt EtOH-H 2 O or gallic acid was preserved.
Fractionation and Antioxidant Activity.
The results of the in vitro and in vivo antioxidant activities showed promising effects of the ethyl acetate fraction and hence it was chosen for further purification. Fractionation by silica gel column chromatography and subsequent repurification of the most active subfractions by semipreparative HPLC led to the isolation of a potent antioxidant compound. The bioactive molecule structure was established based on the obtained spectroscopic data ( 1 H-and 13 C-NMR, UV, and MS) leading to the identification of a new compound: 4 -p-acetylcoumaroyl luteolin (Figure 4) . The antioxidant activity of this compound, using DPPH test, showed a strong antioxidant activity with IC 50 of 20.74 ± 0.6 g/ml. Furthermore, its AAI index of 1.92 was better than that of the BHT used as control. The amount of the 4 -p-acetylcoumaroyl luteolin in the ethyl acetate fraction was 0.89 (w/w). 
Discussion
The oxidative stress caused by ROS overproduction, which cannot be overcome by human body, was considered as one of the causative agents of diseases. Serious health problems, such as cancer, cardiovascular disorder, inflammation, depression, and liver diseases, caused by proteins, lipids, and DNA oxidation have been reported worldwide [2] . Therefore, numerous attempts to evaluate the scientific basis of herbs and fruits rich in natural antioxidants have been made to reduce the serious effects of ROS [24] . The present study demonstrated that the different R. tingitanus leaves extracts exhibited a strong antioxidant capacity on oxidative stress and liver damage induced by CCl 4 exposure in rats. Different in vitro physicochemical tests miming the efficacy of biological antioxidants to prevent cells dysfunction were used. The DPPH assay is a commonly used method in measuring the biomolecules' antioxidant activity [25] . The Rt EtOAcF and Rt EtOH-H 2 O exhibited a significantly higher DPPH scavenging activity than the other extracts. The antiradical potential of R. tingitanus leaves extracts is based on the potent-donating ability of Rumex phytoconstituents [26] . The reductive capacity of Rt EtOAcF and Rt EtOH-H 2 O which are higher than the reference antioxidant BHT confirmed the antioxidant properties of these extracts. Equally, the Rt EtOAcF and Rt EtOH-H 2 O are able to neutralize lipid hydroperoxides derived from linoleic acid and therefore protect unsaturated fatty acids and bleaching of -carotene [27] . These results revealed the ability of Rt EtOAcF and Rt EtOH-H 2 O to produce more stable and nonreactive products from reactive free radicals and to stop their chain reactions by proton or electron donation. Thus, the richness of these two extracts in phenolic compounds, known for their chain-breaking and oxygen scavenging capacities, explains their antioxidant potential. Phenolic molecules are considered as one of the most beneficial compounds to prevent and treat many diseases especially those related to oxidative stress such as cancer, inflammatory cardiovascular, and neurodegenerative and liver diseases [28] . From the in vitro studies, there is good evidence that the Rt EtOAcF and Rt EtOH-H 2 O displayed potent antioxidant activities. Extrapolating the in vitro data to predict the protective effect of Rt EtOH-H 2 O against the CCl 4 -induced hepatotoxicity has become essential. The trichloromethyl radical (CCl 3 * ) and peroxy trichloromethyl radical (CCl 3 OO * ) generated by CCl 4 metabolism induce serious liver lipid and protein damage. The lipid peroxidation of the liver could increase some biochemical parameters like MDA level and decrease SOD, CAT, and GPx activities [29] . The increased levels of MDA and impaired antioxidant enzymes activities, as shown in our study, suggest membrane damage due to lipid peroxidation which is the main cause of hepatotoxicity [30] . Pretreatment with Rt EtOH-H 2 O significantly reversed these changes and enhanced the hepatic CAT, SOD, and GPx activities. These enzymes are involved in the cellular antioxidant defense mechanism through scavenging toxic intermediates of reactive oxygen species via a cascade of reactions. H 2 O 2 generated by the conversion of the superoxide radicals by SOD was rapidly transformed into water by CAT and GPx [31] . Therefore, Rt EtOH-H 2 O displayed a potent capacity to scavenge the reactive species leading to protection of liver from increased MDA formation and aided in maintaining the antioxidant enzyme activities. The investigation of the acute toxicity of Rumex extracts, after administration of different Rt EtOH-H 2 O concentrations, revealed that there is no behavioral or physiological change in treated mice after 7 days. Therefore, Rumex could be considered as safe and a promising candidate in phytomedicine.
Decreased SOD, CAT, and GPx activities and elevated MDA levels have been identified in patient with recurrent depression [32] . In this context, the current study intended to evaluate the antidepressant-like proprieties of the hydroalcoholic and ethyl acetate extracts obtained from R. tingitanus using the FST in mice. The results showed that the preventive treatment with these two extracts is effective to induce a significant antidepressant-like response. Noteworthy, R. tingitanus extracts caused a decrease in the immobility time similar to clomipramine effect used as a classical antidepressant. In this regard, medical therapies with R. tingitanus may be effective alternatives to conventional antidepressants which have a high economic cost and several side effects.
The observed in vitro effects that are confirmed also in vivo, achieved by Rt EtOH-H 2 O and Rt EtOAcF, correlated with their richness in phenolics and flavonoids known for their beneficial effects on human health [33] . Thus, Rt EtOAcF was subject to bio-guided fractionation and identification of the most potent antioxidant compound. The structure of the isolated antioxidant compound was established by 1 H NMR, 13 C NMR, UV, RP-HPLC, and LC-ESI-MS/MS. A new isolated compound was identified as 4 -p-acetylcoumaroyl luteolin (Figure 4) . The luteolin was previously isolated from this plant [10] and reported in three other Rumex species, the root of R. hastatus [34] and R. pictus and R. vesicarius leaves [35] . Also, glycosylated luteolin, such as luteolin-7-O-glucoside and luteolin-8-C-glucoside, was described in other genus species [7] . The 4 -p-acetylcoumaroyl luteolin showed a strong antioxidant activity but it was lesser than luteolin. The difference between the two compounds could be attributed to the substitution of the OH in luteolin by a pacetylcoumaroyl group. The p-coumaroyl moiety diminished the radical scavenging activity [36] . The edible plant R. tingitanus showed a bioprotective effect in vitro and in vivo against ROS and an antidepressant like-effect.
Conclusion
In summary, this work provided new findings and insights about the pharmacological activities, toxicity, and chemical constituents of Rumex tingitanus. From the in vitro studies, there is good evidence that the Rt EtOAcF and Rt EtOH-H 2 O displayed potent antioxidant activities. The in vivo study confirmed the in vitro results. The treatment with the Rumex tingitanus extracts showed a hepatoprotective effect against oxidative damage induced by CCl 4 thanks to its phenolic composition. Moreover, R. tingitanus can prevent depression disorders as proven by the forced swimming test. A new compound 4 -p-acetylcoumaroyl luteolin with a potent antioxidant activity was isolated from the ethyl acetate fraction. Hence, our results suggest a basis for the possible use of R. tingitanus leaves as a potential new drug for acute liver injury and depression diseases. This study thus provides new insights for further promising investigations of Rumex species and their bioactive molecules to the development of pharmacological targets to reduce the marked adverse effects of chemical agents.
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